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0 Apparatus for measuring the water charge in a 
laundry washer, particularly a laundry washer of the 
type in which the laundering liquid is recirculated 
from the bottom to the top of a tub, comprising a 
tub, a rotatable drum for containing the laundry, a 
recirculation conduit provided with a circulation 
pump, at least one water-charging solenoid valve, an 
electric heater element, and means for controlling 
the execution of the laundering programs of the 
machine. The measuring apparatus comprises an 
additional conduit (10) connected by way of the 
circulation pump (12) to the recirculation conduit (9) 
and to the tub (4) at a level corresponding to the 
minimum water charging level in the tub and adapt- 
ed to prime the circulation pump (12), said control 
means (17) being effective to detect electric and/or 
hydraulic characteristics of the circulation pump (12) 
indicative ot its operative state, to thereby determine 
the flow through the solenoid valve (16) and thus the 
overall amount of water admitted to the tub (4) in 
accordance with the type and amount of the laundry 
placed in the drum (14), so as to optimize the 
parameters of any selected laundering program. 
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The invention relates to apparatus for measur- 
ing the water charge in a laundry washer, particu- 
larly a laundry washer of the type in which the 
laundering liquid is recirculated and sprayed onto 
the laundry contained in the drum of the machine, 
said apparatus being adapted to determine the 
amount of water admitted to the laundering tub, 
exclusively by volumetric measurements of the wa- 
ter input. 

In known laundry washers, and in particular 
laundry washers with recirculation of the laundering 
liquid, the amount of water admitted to the launder- 
ing tub is controlled by using at least one pressure 
switch, generally of the type permitting the water 
charge to be adjusted to different levels for carry- 
ing out the laundering operation with a reduced and 
a standard amount of liquid, respectively, for laun- 
dering cotton fabrics or delicate synthetic fabrics, 
the water being admitted to the tub in repeated 
charging steps, and the laundering liquid recir- 
culated from the bottom part to the top part of the 
tub by means of a conventional recirculation pump, 
to thereby permit the complete absorption of the 
laundering liquid by the laundry. 

It is an object of the present invention to sim- 
plify the construction of laundry washers of this 
type by eliminating the pressure switch for control- 
ling the amount of water admitted to the tub, and 
performing this operation by means of a different 
criterium so as to always permit accurate control of 
the water level In the tub in accordance with the 
amount and type of laundry contained in the drum 
to thereby optimize the consumption of water, de- 
tergents and electric energy used for washing the 
specified laundry. 

This and other objects are attained according 
to the invention by apparatus for the volumetric 
measurement the water charge admitted to the 
laundering tub of laundry washers, the apparatus 
according to the invention displaying the character- 
istics and advantages to be described. 

The invention will be more clearly understood 
from the following description, given by way of 
example with reference to the accompanying draw- 
ings, wherein: 

Fig. 1 is a diagrammatic illustration of a laundry 
washer of the laundering liquid recirculation type 
and provided with a measuring apparatus ac- 
cording to a first embodiment of the invention, 
fig. 2 is a diagrammatic illustration of a laundry 
washer of the laundering liquid recirculation type 
and provided with a measuring apparatus ac- 
cording to a second embodiment of the inven- 
tion, and 

fig. 3 shows an electric circuit diagram of the 
measuring apparatus of the laundry washer of 
fig. 2. 

Shown in fig. 1 is a laundry washer provided 



with the water charge measuring apparatus accord- 
ing to the invention, and in particular a laundry 
washer substantially comprising a laundering tub 4 
mounted in a per se known manner in an outer 

5 metallic casing 5 and having its lower part con- 
nected to a receptacle 6 for collecting the water 
admitted to the tub together with detergents, the 
collecting receptacle being connected on the one 
hand to the discharge conduit 7 of the machine 

10 through a discharge pump 8, and on the other 
hand to a recirculation conduit 9 terminating at the 
top end of the tub and provided with a branch 
conduit 10 connected to the tub at a location cor- 
responding to the minimum water charge level of 

15 the tub during the laundering programs of the ma- 
chine, this level being sufficient for completely cov- 
ering an electric heater element 11 installed in the 
tub for heating the laundering liquid, a conventional 
circulation pump 12 being connected to said 

20 branch conduit and operable to recirculate the 
laundering liquid from collector receptacle 6 to the 
tub 4 through both conduits 9 and 10, the laun- 
drering liquid to be sprayed onto the laundry 13 
contained in a drum 14 rotatably mounted in tub 4, 

25 so as to progressively and completely soak the 
laundry during the execution of any laundering 
program. 

Branch conduit 10 Is advantageously connect- 
ed to tub 4 at a location whereat the (not shown) 

30 filter of the machine is disposed, so that the turbu- 
lent movement created at this location during the 
recirculation of the laundering liquid through this 
conduit effectively promotes the dissolution of 
granular detergents introduced into the tub and 

35 tending to form deposits on the filter body, so that 
any obturation of the filter body by the detergents 
is effectively prevented. 

The apparatus for measuring the amount of 
water to be admitted to tub 4 is substantially em- 

40 bodied in circulation pump 12, the electric motor 
15 of which is operatively connected to a solenoid 
valve 16 controlling the admission of water to the 
tub, and to a conventional electronic control unit 17 
operable to automatically energize and deenergize 

45 the various electric components of the machine for 
the execution of any selected laundering program, 
these control functions being advantageously incor- 
porated in a microprocessor (not shown). 

The operation of measuring the amount of wa- 

50 ter admitted to tub 4 is carried out by using elec- 
tronic control unit 17, which is adapted to measure 
or count the interval from the time the admission of 
water to the tub is started, with simultaneous ener- 
gization of circulation pump 12, at this instant un- 

55 der dry-running conditions, to the time instant at 
which the pump is primed by the water level in the 
tub reaching Its pre-set minimum. • 

The thus measured time interval is used as a 
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parameter for determining the flow through sole- 
noid valve 16 in accordance with the formula 



Qi 

P = — 



wherein 

P = the flow through the solenoid valve, 
Qi = amount of water (in litres) correspond- 
ing to the level required for priming cir- 
culation pump 12. depending on the 
structural characteristics of tub 4, and 
T = time interval from the start of the count 
to the priming of circulation pump 12 as 
automatically measured by electronic 
control unit 17. 
In particular, the primed and dry-running con- 
ditions of circulation pump 12 are registered by 
electronic control unit 17 by sensing characteristic 
electric data of the pump Indicative of its functional 
state, for instance by sensing the instantaneous 
phase shift between the voltage and the electric 
current absorbed by the pump under the conditions 
of full-load operation or idling (corresponding re- 
spectively to the primed and dry-running conditions 
of the pump), the sensing step being preferably 
performed by per se known electronic components 
(not shown) associated to or incorporated in elec- 
tronic control unit 17. 

In this case, the magnitudes of these phase 
shifts (cos 4>) characterizing the different functional 
states of circulation pump 12 are at first experi- 
mentally determined, and then stored In electronic 
control unit 17, whereupon the control unit 17 re- 
sponds to the respective values being attained to 
thereby determine the corresponding operative 
conditions (primed or dry-running) of the circulation 
pump, and to decide whether or not it is required 
to admit further amounts of water to the tub. In 
particular, on the basis of the known flow through 
water-charging solenoid valve 16, electronic control 
unit 17 may cause further amounts of water to be 
admitted to the tub, if so required, by repeatedly 
energizing the solenoid valve, in response to the 
lowering of the water level in the tub caused by the 
absorption of the water-detergent solution by the 
laundry and by the recirculation of this solution for 
spraying It onto the laundry. 

Under these conditions, electronic control unit 
17 acts to automatically calculate the duration of 
each additional energization of the solenoid valve 
16 in accordance with the formula: 



wherein 

Qr = the amount of water admitted to the 
tub during each additional energization 
10 of the solenoid valve, 

Tr = duration of each energization of the 

solenoid valve 16, and 
P = flow rate through solenoid valve 16 
Each energization of solenoid valve 16 takes 
75 place in response to circulation pump 12 running 
dry. 

In this manner, when circulation pump 12 al- 
ways remains in the primed condition (this con- 
dition being normally established In a laundry 

20 washer of the recirculation type about four minutes 
after the first charge of water has been admitted to 
the tub), the water charging operation is termi- 
nated, and the electronic control unit 17 initiates 
the execution of the selected laundering program. 

25 By having accurately measured the total amount of 
water admitted to the tub 4 of the machine in the 
manner described above, the electronic control unit 
17 is also capable of automatically determining the 
amount of laundry placed in the drum, since the 

30 water absorption capacities of different types of 
fabric have previously been stored in the memory 
of the electronic control unit after having been 
determined experimentally. On the base of the thus 
determined informations, the electronic control unit 

35 automatically controls the machine to execute the 
selected laundering program in accordance with 
the characteristics and the amount of the fabrics of 
the laundry to be laundered by suitably modifying 
the various parameters of the program (duration of 

40 the various laundering and rinsing phases, amount 
of liquid detergents to be supplied to the tub etc.) 
to thereby optimize the consumption of water, de- 
tergents and electric energy used for laundering 
the respective fabrics. 

45 Fig. 2 shows another possible embodiment of 
the present measuring apparatus substantially 
composed of the same mechanical and electrical 
components as described above, with the addition 
of at least one anti-boil pressure switch 18 of 

50 conventional type connected to recirculation con- 
duit 9 and the outlet of circulation pump 12. and 
acting to control the energization and deenergiza- 
tion of heater element 11 so as to keep it in the 
energized state in the presence of the minimum 

55 water charging level in the tub 4 while the launder- 
ing liquid is being recirculated and the heater ele- 
ment is completely covered by the liquid, and to 
deenergize it when the water level has dropped 
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below the minimum level, resulting in circulation 
pump 12 running dry and heater element 11 being 
at least partially exposed, so that there would be 
the danger of the laundry washer being damaged 
or scorched. 

As shown in fig. 3, anti-boil pressure switch 18 
has a movable electric contact 19 connected to the 
electric circuit of the machine and adapted to be 
switched onto one or the other of two fixed con- 
tacts 20 and 21 of the pressure switch when tub 4 
has been filled with the laundering liquid up to the 
minimum level, or when the liquid level is below 
the minimum level, respectively, fixed contact 20 
being adapted to be connected in series with heat- 
er element 1 1 by the closure of an electric contact 
22 operable by the electronic control unit 17, and 
through a protection thermostat 23 of a conven- 
tional type. 

On the other hand, fixed contact 20 is con- 
nected to electronic control unit 17 through a series 
of conventional electronic components generally in- 
dicated at 24 and acting to inform the electronic 
control unit whether or not movable contact 19 is 
closed on fixed contact 20 when circulation pump 
12 is in its primed or dry-running state, respec- 
tively. 

As in the preceding embodiment, in the 
present case the measuring procedure is also car- 
ried out by sensing operational data of circulation 
pump 12, more specifically, by detecting the outlet 
pressure of the pump by means of the antl-boll 
pressure switch 18, the respective displacements 
of the movable contact of the pressure switch be- 
ing relayed to the electronic control unit 17 which 
acts to measure or count the various intervals be- 
tween the primed condition and the dry-running 
state of the pump and to thereby automatically 
calculate the actual amount of water admitted to 
the tub by the same criteria and for the same 
purposes as specified above. 

Claims 

1. Apparatus for measuring the water charge in a 
laundry washer, particularly a laundry washer 
of the type in which the laundering liquid is 
recirculated and sprayed onto the laundry and 
comprising a tub, a rotatable drum for contain- 
ing the laundry, a recirculation conduit pro- 
vided at least with a circulation pump and 
connected to upper and lower portions of said 
tub, a discharge conduit provided with a dis- 
charge pump, at least one water charging sole- 
noid valve, an electric heater element for heat- 
ing the water-detergent solution contained in 
said tub, and means for controlling the execu- 
tion of the laundering programs of the ma- 
chine, characterized by comprising at least one 



further conduit (10) connected to said recir- 
culation conduit (9) and said tub (4) by way of 
said recirculation pump (12) at a level cor- 
responding to the minimum water charge level 
5 In said tub and adapted to prime said circula- 
tion pump (12), 

and in that said control means (17) acts to 
initially count or measure the time interval be- 
tween the start of the admission of water into 

70 said tub (4) and the first priming of said cir- 
culation pump (12) by detecting the magnitude 
of electric and/or hydraulic characteristics of 
said circulation pump (12) indicative of the 
operative state thereof, to thereby determine 

15 the flow through said solenoid valve (16), and 
to subsequently determine, on the basis of the 
thus detected flow through said solenoid valve 
(16), the total amount of water admitted to said 
tub (4) In accordance with the type and 

20 amount of laundry placed in said drum (14). by 
measuring all of the primed and dry-running 
phases of said circulation pump (12), said con- 
trol means (17) being further designed to op- 
timize the parameters of any selected launder- 

25 ing program in accordance with the thus deter- 
mined total amount of water. 

2. Measuring apparatus according to claim 1 , 
characterized in that the electric characteristics 

30 detected by said control means (17) are the 
voltage and the electric current absorbed by 
said circulation pump (12), and in particular the 
variations of these electric characteristics when 
said circulation pump (12) operates under 

35 primed and dry-running conditions, respective- 

ly. 

3. Measuring apparatus according to claim 1 , 
characterized in that the hydraulic characteris- 

40 tic detected by said control means (17) is the 
outlet pressure of said circulation pump (12) in 
the primed and the dry-running state, respec- 
tively, with the aid of at least one conventional 
anti-boil pressure switch (18) permitting said 

45 heater element (11) to be energized only when 
the liquid in said tub (4) is at least at said 
minimum level corresponding to the circulation 
pump priming level at which said heater ele- 
ment (11) is completely covered by the liquid. 

50 
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